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PRESSITRE-DISTRIBUTION MEASUREIhENTS OF THE INTERFERWCE 

EFFECT OF THE WING ON THE RJSEIAGE AT 

By John P. Gapcynaki and James W. Clark 

The  interference  effect of the wing on the  fuselage of a super- 
sonic  aircraft  configurntion having a tapered  sweptback wing wfth 
3' incidence has been  determined from pressure measurements obtained 
during an investigation of this  ConfigurGion in the  Langley 4- by 
&foot supersonic  tunnel.  Tests were conducted, at M a c h  numbers of $40 
and 1.59, and  at 8 Reynolds number based Dn fuselage length of approxi- 
mately 2.7 X 10 6 . 

The  pressure measurements for thie  configumtim showed that  the 
wing-lift carry-mer  to the body was confined  priImrily  to the part of 
the  fuselage behind the wing trailfng  edge. For an angle-of-attack 
range fram Oo to 8O, the  integrated  no-1-force  coefficient of the  
wing-fuselage  combinstfon was approxlmatelg 6 percent  less  than the 
value  obtained from the  experimental  loading mer the wing i n  the pres- 
ence of the b e  when  extrapolated  from the 0.186-semispan  station to 
the  center line of the  body.  The  effect  of  the  fuselage was to decrease 
the  estimated normal force  carried  by  the  inboard  panel of the WFng by 
approximately 45 percent  at sll angle of attack of 4 O  and 25 percent at 
an angle of attack of 8'. 
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INTRODUCTION 
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A knowledge of  the interference  effects at supersonic  speeds 
between the wing and the body of an aircraft   configuration is  important 
when the aerodynamic loads and character is t ics  of the  wing-body  combi- 
nation  are  being  evaluated. The problem 1s a comglex  one f o r  ~ i c h  
theoret ical   solut ions have  been obtained only for  special   configurations 
under idealized  assumptions (see, f o r  instance, refs. 1 t o  3 ) .  Unfortu- 
nately,  the amount of experimental  data  available i s  limlted,  particu- 
l a r l y  the resu l t s  of pressure-dfstribution  studies.  

The purpose of  this  paper i s  t o  preaent  presaure measurements 
i l l u s t r a t i n g  the interference  effect  of a wing on a body of a specif ic  
supersonic  aircraft  configum+ian. These results were obtained  during 
an  inveatigation of this   configurat ion  in   the Langley 4- by 4-foot euper- 
sonic  tunnel a t  Mach numbers of 1.40 and 1.59 and a Reynolds number based 
on fuselage  length of approximately 2.7 X 10 6 . In addition,  the  effect  
of wing-tip skids on the  presaure  distribution  over  the wing is shown. 
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SYMBOLS 

mass density of  air 

airspeed 

speed of sound in a i r  

Mach number, V / a  

dynam~c pressure, p~2/* 

free-stream  static pressure 

local stat ic   presaure 

pressure coefficient,  
9 

coordinate measured perpendicular t o  plane of symmetry of 
f’uselage 

wing span 
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a angle of attack of fuselage 

Cp fuselage  polar  angle (Oo at  bottom) 

d diameter of fuselage at any point 

C a i r fo i l  chord or  fuselage  length a t  a ~ -  apanwise station 
- 
C mean chord, S/b 

s .. -. whg area (wing extended through fuselage) 

c, ' section normal-force coefficient 

MODEL 

The  model  shown i n  figure 1 had a 40' sweptbck wing with Oo twist, 
aspect r a t i o  of 4, and taper  ratio of 0.5. The wing was at an incidence 
angle of 3 O  relative t o  the body axis. The airfofl  sections in  planes 
perpendicular to  the quarter-chad line were symmetrical circular  arcs 
wfth thickness r a t i o s  of 10 percent. The aerodynamic characteristics 
of the wing are given i n  reference 4 f o r  a Mach  number of 1.40 and i n  
reference 5 for a Mach number of 1.59. The model was sting-mounted in 
the tunnel as shown i n  figure 2. 

The basic  fuselage was 8 b&y of revolution with a length of 
30.267 inches, a fineness m t i o  of 9.4, a d  a ra t io  of wing span t o  
maldmum body diameter of 8.04. The wing was mounted low on the fuselage 
as shown on figure 1. 'Ilhe top and bottam fuselage canopies were remw- 
able  for  testing  as a bcdy of revolution. The fuselage  coordinatea are 
given in reference 6. 

Pressure  orifices were located a t  nine stations along the body a t  
- the six radial positions s h m  in figure 1. Addi5ional orifices were 

located along the tog ($ = 180~) of the fuselage  but could be used only 
when the top canopy was removed.. Pressure orif'ices were also  located 
along  the top surface f i l l e t  of the wing-body juncture. 

Tip skids 

The tes ts  
tunnel a t  Mach 

were installed on the wing as shown in figure 1. 

TESTS 

were conducted in the Langley 4- by k f o o t  supersonic 
numbers of 1.40 and 1.59. A detailed  description of the  
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tunnel, as well as the  cal ibrat ion  data  of the  tes t   sect ion f o r  a Mach 
number of  1.59, i s  presented i n  reference 6. The calibration data of 
the test sect ion  for  a Mach number  of 1.40 are presented  in  reference 7. 

The t e s t s  were conducted  under tunnel stagnation  conditions of': 
pressure, 0.25 atmosphere; temperature, llOo Fj and dew point, -35' F. 
The calibration  data  indicated  negligible  condensation  effects  at  these 
conditione. 

Pressure measurements Over the fuselage were record.ed for the con- 
d i t i on  of the fuselage  alone and a l so  f o r  that of the  wing-fuselage 
combination. . Two different  fuselage  configuratima were used. The 
fuselage was t es ted  as a body of revolution  (canopies and t a i l  removed) 
a t  M = 1.59. In  addition, the fuselage was tes ted a t  M = 1.40 and 
M = 1.59 as a bcdy of  revolution with top and bottom  canopies and t a i l  
assembly. 

Since  the bottom  Azselage canopy was in tegra l   wi th   t i e  wing, a 
canopy ef fec t  was involved i n  the comparison between the  pressure distri- 
butions with and without the wing for  those tests designated as body-of- 
revolution  tests.   This  effect  was small, however, and has been neglected 
i n  the comparison. 

The angle-of-attack  range was from - 5 O  t o  8'. The Reynolds numbers 
f o r  these  tes ts ,  based on fuselage length, were 2.60 X 10 6 f o r  a Mach 
number of 1.59 and 2.70 x 10 6 for a Mach number of 1.40. 

ACCURACY 

Since  the magnitude of the  free-stream flow angle, Mach  number, and . 
pressure  gradients are small i n  the   v ic in i ty  of the model,  no corrections 
due to  these  sources have  been appl ied  to   the data. It i s  estimated  that 
the  accuracy of the data i s  as follars: 

Mach  number . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.01 
Angle of  attack,  deg 

Geometric measurement (probsble  error) . . . . . . . . . . . .  20.02 
Maximum flow i r regular i ty  . . . . . . . . . . . . . . . . . . .  fo.10 

Absolute  pressure  coefficient . . . . . . . . . . . . . . . . .  20.010 
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Wing-body interference.- Comparisons of the  longitudinal pressure 
distributions Over the  fuselage,  with and without the wing, a t  a Mach 
number of 1.59 are shown in  figure 3 fo r  a range of angles of attack of 
fram -5O t o  80. The wing was a t  an incidence angle of 3 O .  For these 
tests,  the  fuselage  configuration was a body of revolution. A sketch 
of the male1 is  shm i n  each figure, together with 8 representation of 
the  theoretical forward limit of the  region of wing influence on the 
bdy. This limit is deffned on the body by t w o  opposing helices  origf- 
nating a t   the  wing leading-edge fuselage  junctures with the helix angle 
equal t o  the Mach angle. 

Also sham in these  figures  are  the  linearized  theoretical  pressure 
dfstributions f o r  the body alone (refs. 8 and 9) and the  experimental 
chordwfse pressure  distributfons aver the upper and lower surfaces of 

the inboard station of the wing (y = 0.186 g). The pressure  variations 
Over this wing station  are  presented so  that  an indication of the rela- 
tionship between wing pressure and the change in fuselage  pressure due 
t o  the wing may be obtained. 

For positive  angles of attack,  the wing,caused 8. decrease i n  the 
pressures mer  the upper surface of the  rear  part of the body and an 
increase i n  the pressures mer the lower surface so that an increase 
In the normal-force coefficient of the  fuselage resul ts .  The distri- 
bution of this increase may be seen in  figure 4 .where the normal-force 
loading dis t r ibut ion of the  fuselage with and without the wtng i s  sham 
plotted along the body a s .  

The rearward sh i f t  fn the  center of pressure of the  fuselage, due 
t o  the wing-lift carry-over, resulted in a change in the pitching-moment 
coefficient of the  mselage from a condition of inatabiiity (about the 
quarter-chad of the M.A.C.) t o  me of approldmate neutral  stability. 

The fuselage normal-force loading dist r ibut ion in the spanwise 
direction i s  shown in figure 5. Also shown in this figure  are  the 
experimental wing loading distributions (obtained from ref. 5 ) .  Since 
the no'rmal-force distribution in the  region of the  ufng-fuselage  juncture 
is not known, that part of the curve i s  represented by a dashed line. 

The integrated normal-force coefficient of :he wing-fuselage combi- 
nation was less than  the normal-force coefficienc  obtained from the 
experimental l a d i n g  over the wlng i n  the presence of the body  when 
extrapolated fram the 0.186-~emisp= stat ion t o  %he center  line of the 
body. This decrease i n  normal force amounted t o  approximately 7 percent 
f o r  an angle of attack of bo and 5 percent f o r  an angle of attack of 8O. 
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With respect  to  the  estimated normal force  carried by the  inboard  panel 
of the wing (extrapolated  value), the ef fec t  of the fuselage was t o  
decrease  this normal force by approximately 45 percent a t  an angle of 
attack  of 4' and 25 percent at an angle of a t tack of 8'. 

A comparison,of  the  pressure  distributions  over the model fuselage 
with and without  the wing for  the  case of  the  f'uselage  with  attached 
canopies and tail a8Sembly is presented in figure 6 f o r  Mach numbers 
of 1.40 and 1.59. The flagged symbols denote values a t  a Mach number 
of 1.40. Although the   resu l t s  are not so  complete at @ = 180' a8 f o r  
the  case of  the fuselage  without  canopies, the same general effects of 
the  xtng on the  fuselage  pressures are shown.  The e f fec t  of the t a i l  
assembly was not  apparent  because of the lack of data i n  t h i s  region. 
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The pressure  distributicm pn the fuselage in  the immediate v i c in i ty  
of the wing-body juncture is  presented  in   f igure  7(a)   for  8 Mach number 
of 1.40, and i n  figure 7(b)' f o r  a Mach number of 1.59. I n  general, the 
presaure  distribution a t  this s ta t ion  i s  similar t o   t h a t  over  the  upper 
surface of the  inboard statim of the wfng = 0.186 E). 

Wing-tip skid interference.- The ef fec t  of t i p  skids on the  presaure I 

dist r ibut ion Over the lower  surface of the  wing  in the   v ic in i ty  of the 
t i p  (y = 0.937 g) i s  shown i n  figure 8. The addition of t i p  skids  caused 
an increase  in  the  pressures Over the   rear  part of the lower  surface of  
the wing in  the  region of the   t ip .  No e f fec t  was noted 011 the  pressure 
distribution  over  the upper surface of the wing. This  increase  in  pres- 
sure  resulted i n  the  addition of a slight s tab i l iz ing  increment t o  the 
to ta l   p i tch ing  m o m e n t  of the canfiguration. 

CONCLUDING REMARKS 

The interference  effect  of the wing on the  fuselage of a supersonic 
aircraft  canfiguration  having a tapered  sueptback w i n g  with 3' incidence 
has been determined frm pressure measurements obtained  during  an  Inves- 
t iga t ion  of this configuration  in the Langley 4- by  4-foo-L supersonic 
tunnel. Tests were conducted a t  Mach numbers of 1.40 and 1.59, and at  a 
Reynolds number %sed on fuselage  length of approximately 2.7 x 10 , 6 

The pressure measurements f o r  this configuration  shared  that the 
wing-lift  carry-over t o  the body w a s '  conFlned pr imari ly   to  the part of 
the  fuselage behind the wing t r a i l i n g  edge. For an angle-of-attack range 
from Oo t o  80, the  integrated.  normal-force  coefficient of  the wing- 
fuselage combination was approximately 6 percent less than the  value 
obtained from the experimental  loading Over the wing i n  the presence of 
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the bcdy when extrapolated from the  0.186-semispm s t a t ion  t o  the 
center   l ine of the b d y .  The e f f ec t  of the fuselage waa t o  decrease 
the  estimated normal force  carried by the inboard panel of the wing by 
approximately 45 percent a t  aa angle of at tack of and 25 percent a t  
an angle of a t tack of 8 O .  

Langley Aeronautical  Laboratory 
National Advisory C-ttee f o r  Aeronautics 

Langley Field, Va. 
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Figure 1.- Petails of m o d e l  o f  supersonic abcraf t  configuration. 

Dimensions a r e  Fa Fnches unlees othe lx ise  noted. 
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Figure 2.- Dmns-tream view of t e s t  model mounted ia the Langley 4- by 
4-foot supersonic tunnel. 
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Figure 3 . -  Pressure d is t r ibu t ion  mer the fuselage with and without 
. the wing. M = 1.59. 
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Figure 3.- Continued. 
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Figure 3. - Continued. 
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Figure 3.- Concluded. 
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Figure 4.- Normal-force loading dIstribut;ion a8 a function of body length. 
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Percent Lengfh 

(a) a = -9. 
Figure 6.- Pressure dist r ibut ion over the  fuselage and canopies wTth and 

without .the wing for Mach nmfbers of 1.40 and 1.59. The flagged 
symbols denote values at M = 1.40. - 
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Figure 6.- Continued. 
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(c> a = 4'. 

Figure 6. - Cor5inued. 
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(a) M = 1.40. 

Figure 7.- Preeeure distribution over the fuselage at   the  wing-fuselage 
intersection for various angles of athack. 
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